Abstract. Using the oscillation frequencies of a Cen A 
recently discovered by Bouchy & Carrier (2001, 2002| ), 



the available astrometric, photometric and spectroscopic 
data, we tried to improve the calibration of the visual 
binary system a Cen. With the revisited masses of Pour- 
baix et al. (2002) we do not succeed to obtain a solu- 
tion satisfying all the seismic observational constraints. 
Relaxing the constraints on the masses, we have found 
an age taCen = 4 850 ± 500 Myr, an initial helium mass 
. . . fraction Y\ = 0.300 ± 0.008, and an initial metallicity 
CN (Z/X)i = 0.0459 ± 0.0019, with M A = 1.100 ± 0.006 M Q 
g and M B = 0.907 ± 0.006 M for a Cen A & B. 
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1. Introduction 

Over the last decade, many efforts to derive accurate 
fundamental parameters of the double star a Cen A & B 
(HD 128620/1) and to predict asteroseismic frequencies 
have been c arried on (e.g. Guenther & Demarque 200C ; 
Morel et al. 2000 and references therein) . For a Cen A, 
the fi rst fr equency measurements done by Bouchy & Car- 
rier ( |200l| ) exhibit discrepancies with the past predicted 
frequencies of the calibrated system. The comparison of 
published theoretical frequencies (Morel et al. 200C) with 
those deduced from the observations suggests that the 
discrepancies come from the adopted value for the mass 
of a Cen A. Recently, taking into account the gravita- 
tional red-shift and the convective blue-shift, Pourbaix et 



al. (2002) have revisited their previous analysis of astro- 
metric and spectroscopic data. As a result, the masses of 
stars a Cen A & B deviate significantly from their pre- 
vious determination by more than 2a; new mass values: 
M A = 1.105 ± 0.007 M© and M B = 0.934 ± 0.006 M© are 
lower than their old ones. In this letter we present at- 
tempts to calibrate the binary system taking into account 
all these new observational constraints. 



2. New constraints on the a Cen binary 

2.1. Luminosities. 

For both components we consider the effective tempera- 
tures T c ff a nd me tallicities derived in our previous work 
(Morel et al. |2000|) . We derive the luminosities from the ac- 



curate Geneva photometry (Burki et al. 2002 ). The mag- 
nitudes V A = -0.003 ± 0.004 and V B = 1.332 ± 0.005 
are combined with the new va lue of the parallax w = 
747.1 ± 1.2 mas (Pourbaix et al. |2002| ) to derive the lumi- 
nosities La and Lb- The bolometric corrections used are 



fro m Flow er's ( 1996 ). Lejeune et al. ( 1998 ) and Bessell et 
al. ( 1998 ) bolometric corrections have been tried in order 
to estimate the uncertainty on the derived luminosities. 
Both range the luminosity values derived from Flower's 
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Fig. 1. Large frequency spacing as a function of the fre- 
quency. Symbols indicate the Bouchy & Carrier (2002) ob- 
served values with their error bars. Continuous lines cor- 
respond to the model with Ma = 1.100 M Q . Full, dashed 
and dotted lines correspond respectively to modes £=0, 1 
and 2. 

calibration leading us to adopt these last one with an un- 
certainty of 0.018 and 0.016 (solar unit) respectively for 
La and Lb as reported in Table ||. 

2.2. P-modes oscillations discovered. 

Recently solar- like p-mode oscillations in a Cen A have 
been detected by Bouchy & Carrier ( [2001 ) with CORALIE 
fiber-fed spectrograph. With a longer time serie of obser- 
vations Bouchy & Carrier (2002) have identified 28 oscilla- 
tion frequencies v n ^ in the power spectrum of the velocity 
power spectrum, with degrees I = 0, 1, 2 and radial orders 
n from 15 to 25. The values of the frequencies depend 
strongly on the surface properties of the star poorly de- 
scribed by the models. In seismological analysis one rather 
uses to characterize the set of oscillation frequency three 
frequency spacings, one "large" and two "small" , that are 
less surface dependent. The large frequency spacing, dif- 
ference between frequencies of modes with consecutive ra- 
dial order n: Ai^(n) = v n j — f n _i^. In the high frequency 
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Fig. 2. Small frequency spacing <5^o,2 as a function 
of the frequency. Symbols indicate the observed values 
with their error bars. Full, dashed and dotted lines cor- 
respond respectively to models with Ma = 1.100 Mq, 
M a = 1.105 Mq (mass of Pourbaix et al. 2002) and 
Ma = 1.114 Mq (without convective core). 
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Fig. 3. Same as Fig. g for small frequency spacing 5v ^. 



range, i.e. large radial orders, Az^ is almost constant with 
a mean value A , strongly related to the mean density of 
the star. The small separation, difference between frequen- 
cies of modes with degree of same parity and with consec- 
utive radial order: Svo^in) = v n ,Q — is very sensitive 
to the core of the star, i.e. to its age. Another small spacing 
sensitive to the core is obtained by combining modes of de- 
grees (=0 and 1: 8v Q ^(n) = v n +ifi + v n ,o - 2f n ,i- Figure [l] 
shows the observed large spacing of a Cen A as a function 
of the frequency. Error bars of ±0.65 /iHz have been de- 
termined considering the frequency resolution of the time 
series. The dispersion of the observed points according 
to the mode degree is larger than the error bars. As dis- 
cussed in Bouchy & Carrier (2002), it may be due partly 
to a possible systematic error of ± 1.3 /iHz introduced 
at some identified mode frequencies, especially above 2.5 



mHz, by aliases and/or rotational splitting. Figures || & || 
show the small spacings <5^o,2 and <5^o,i as a function of 
the frequency. 

3. New evolutionary models 

This work is an extension of Morel et al. ( 2000| ), taking 
into account the additional seismic constraints. It consists 
in computing evolved models of a Cen A & B until they 
reach together at the same age, the measured luminosity, 
effective temperature and metallicity. The free parameters 
are the age t a Q cn , the initial helium content Yi and metal- 
licity (Z/X)i and the mixing- length parameters Aa, Ab- 
We assume that Aa = Ab = A because both stars have 
similar masses and chemical abundances. The relaxation 
of this constraint gives similar results as emphasized in 
the discussion of Morel et al. ( 2000| ). All models have been 
computed with the CESAM code (Morel 1997) - see Morel 



et al. (200C) for details. Models are initialized at_thc homo- 
geneous zams, using the Canuto & Mazitelli ( 1991 , 1992 ) 
convection theory. 



In a first step the new Pourbaix et al. (2002) masses 
are used as observable constraints and without the seismic 
constraints. The solution obtained by a x 2 fitting gives 
t aCcn = 8 600Myr, Y { = 0.256, [z)x\ = 0.0459 and 
A = 1.3. This solution does not fulfill all available seismic 
constraints for a Cen A. The large spacing is well fitted 
by this solution leading to estimates of the mean density 
and, at fixed mass, to a radius Ra ~ 1.23 .Rq. On the 
contrary, the small frequency spacings (Fig. || & ||) of this 
model deviate significantly from the observations, leading 
us to reject this solution; 5vq, 2 is to o small, therefore the 
age is too large (Morel et al. 200C). Moreover, an age of 
t a cen = 8 600 Myr is difficult to accept for a star having 
a metallicity larger than solar. Note also that the derived 
mixing length parameter, A = 1.3, is rather large for the 
convection theory of Canuto & Mazitelli (1991, 1992) pre- 
dicting values closer to unity. 

Thus, in a second step, we take into account the addi- 
tional constraints given by observed small frequency spac- 
ings and we consider the masses of the two stars as free pa- 
rameters and no longer as observational constraints. Our 
best solution comes up with f a cen = 4 850 Myr, Ma = 
1.100 M , M b = 0.907 M Q , Y, = 0.300, {Z/X)i = 0.0459 
and A = 0.98. The sum of masses and the fractional mass 
we derive are compatible with the astrometrical values 



of Hcintz (1958, 1982), Kamper & Wesselink (1978) and 



with the values adopted in the calibration of Gucnther & 
Demarque (200C). Figure [j], and|| respectively show the 
large and small frequency spacings. We are aware that the 
two observed small spacings above 2.5 mHz are considered 
as less reliable as discussed previously. Table [l] gives char- 
acteristics of the corresponding models of aCenA&B. 
The confidence limits of each calibration parameter, the 
other being fixed, correspond to the maximum and min- 
imum values it can reach, in order that the generated 
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Table 1. Characteristics of a Cen A & B models. The first 
four rows recall the observed and used effective tempera- 
tures in K, metallicities, luminosities and mean large spac- 
ing Aq (in fj, Hz). Symbols are defined in text. The five next 
rows present the deduced calibration parameters and the 
next ones show some characteristics of the model. At cen- 
ter, T c , p c , X c , Y c are respectively the temperature (in 
MK), the density (in gem -3 ), the hydrogen and the he- 
lium mass fractions. Indexes s, c, i, cz and co correspond 
respectively to observed surface values, center values, ini- 
tial values and convective envelope and core. R, T and p 
are respectively the radius, the temperature and the den- 
sity. 





a Cen A 


«CenB 




5790 ± 30 K 


5260 ± 50 K 


[Fe/H] 


0.20 ±0.02 


0.23 ±0.03 


L/Lq 


1.519 ±0.018 


0.5002 ± 0.016 


A 


105.5 ±0.5 




t a ccn (Myr) 


4 850 ±500 


Yi 


0.300 ± 0.008 


(Z/X), 


0.0459 ± 0.0019 


A 


0.98 ±0.04 


M/Mq 


1.100 ± 0.006 


0.907 ± 0.006 


r/r q 


1.230 


0.857 


x s 


0.715 


0.694 


Y s 


0.258 


0.277 


(Z/X). 


0.0384 


0.0417 


[Fe/H] s 


0.195 


0.231 


Rcz 1 R* 


0.725 


0.679 




1.893 


2.802 


R co 1 R* 


0.052 




T c 


19.00 


13.89 


Pc 


177.1 


117.1 


X c 


0.182 


0.428 


Y c 


0.785 


0.539 



models fit the observable targets within their error bars. 
Figure ^ presents evolutionary tracks of two stars in the 
HR diagram. Table |^ presents their p-mode frequencies in 
order to predict large and small spacings for future obser- 
vations. 

At the age t a c cn = 4 850 Myr the model of a Cen A 
presents a convective core with still burning hydrogen. As 
emphasized by Guenther & Demarque (2000) two kinds of 



model, with and without convective core, can satisfy the 
HR diagram constraints. Indeed we have also found mod- 
els of a Cen A without convective core satisfying the seis- 
mic constraints for Ai>i and <5fo,2 but they are ruled out 



by the <5^o,i constraint. As an example we have plotted in 
Fig. |&|the small spacings for models Ma = 1.114 M@, 
M B = 0.923 M , corresponding to t aCcn = 5 17 Myr 
and Y"i=0.285. According to Guenther & Demarque (2000) 
models with and without convective core can be discrim- 
inated by the so-called mode-bumped spacing; our work 
shows that the small spacing <5zyo,i can be also successfully 
used for this purpose. 



4. Discussion and conclusion 

Within the validity of the physics we use, our classical 
calibration of the binary system a Cen A & B using astro- 
metric, photometric spectroscopic constraints with the dy- 
namical masses of Pourbaix et al. ( 2002 ) does not fully sat- 
isfy the seismic constr aints d erived from the observations 
of Bouchy & Carrier ( 2002| ). Relaxing the constraint on 
the masses we obtain a solution that agrees with the seis- 
mic observations. The derived masses are close to those 
retained by Guenther & Demarque ( 200C| ). For aCenB 
the difference, with respect to Pourbaix et al. ( 2002j ) dy- 
namical mass determination, could indicate the presence 
of an unseen companion, a Jupiter like planet or a brown 
dwarf, although its mass will be larger than the upper limit 
given by Endl et al. ( |200l| ). However, it must be kept in 
mind that the masses we obtained are stellar model depen- 
dent contrary to the astrometric masses which are mainly 
based on the assumption of a purely Keplerian two-body 
problem. Thus, the detection of oscillations of a Cen B 
are needed to better constrain its mass. For this purpose 
Table || gives a set of expected frequencies of this star cor- 
responding to a mean large spacing around Ao = 162 //Hz. 
In addition, more accurate seismic observations of a Cen 
A are requested to decrease the dispersion of the large 
spacing values and improve the small spacings. 

Hopefully ground based experiments with CORALIE 
and HARPS fiber-fed spectrograph (Bouchy & Car- 
2002| ) and the 



ncr 



(Fossat et al. 2000| 



antarctic project CONCORDIASTRO 
and future space missions like ed- 



dington (Roxburgh 2002 ) will provide accurate frequen- 
cies for both components of our neighbour binary system. 
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